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5. ow" km" ^M.X'hb^t¥mmyr-(^<^m\^i> 

[0 0 0 1] 

[0 0 0 2] 

T 'I' ^^ifti^ (Erbium-doped Fiber Amplifier: EDF 
A) immt^tmzR/uX\ Sffil 5 5 Onm^JtT'li 

5 3t 7 7 (t 5 eillti^;5s^ifS ^ tt, |!c=f kmic 

Ji*it$^lf^flJffl UT. &fi5^fi|#a (WavelengthDivisi 
on Multiplex : WDM) iim;^it:-^B#^fi)#a (Time D 
ivision Multiplex : TDM) jijt:3^S;<^^9E*SjlS!> "b 

[0 0 0 3] mib»iim;^^c7)^ i<(c. t/tyj 
hymitij^it. t>ty 7 ^ y^t>m±^t^mm^^mm&^ 

X'h'O. »:m-t(DTDMmitlJ^tLXliB^mi^x\,' 
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[0 0 0 4] -eLT. z(D^yv h >'aft;^TtT-fiii^ 

m^-^h-^tx^Bm^^mns^L. ^cDt/t{m?i^±mzt6 
i-f^'^w^t0mjfm^i^^.Lxm^-^<D&m&w^f^ 

[0 0 0 5] i^^T'. Ttyi; K>'iim;^5t:<73i9ncT 
10 DMiim;^^(c:fci,^T. Bm^t(r>m±'^. '^m^m-^ 

y<^i^:^mi:'m<i-^ztr^x^.ttzms:mm-i^mx- 
hi>^y</uy^ytw.'^. ytBmn(Di^^xy<^i^^i^(Dum 

Snsr tici; 19, ^Bm^(D^'¥X'(D'j^m\B\]^Ltz 
'0. m-<D^B^?&Xm^^&S:<DBm (WDMSi^) ^ 

20 ^ii^^mx-riiZtr^xt^o ^wcticii?. b^PbI 

±^mU-t^Zi:AiXt?}o 

[0 0 0 6] tz^x\ Bmir^^m^(Di^S:^^^-r 
^j^mtLXit. %-m%mm^x^im-^-B.mmt 
^{z^^ L, ^(Dm.%m^-xmmmm^j:^mff:> 

30 (R. Ludwig et al, Fiber and Integrated Optics 

Vol.15, 1996, pp. 211~2237ii:'$r#Ba) -^^ %y 7 ^ 
^<(D^mM^^Mm\^fz1sm (S.Watanabe, S. Takedaan 
d T.Chikawa, EC0C'98PD, 1998, p. 85/£ i: Sr#B8) z)5*Q 

[0 0 0 7] znh(Dijmt. itBmmm^^\^x\>^i) 

»ii*i§5§rfflWc^^(;ili, s/NJ±;il5/J^$v^i:^^9Pp^ 
[0 0 0 8] C(Z)J:9{c:. S^5t5^^^ff{c^o^^T^i. \t^% 



(3) 
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ffi;4^S^^tLTI/^5 (G. P.Agrawal. "Nonlinear Fibre 
Optics, 2ndED. " , Academic Press, San Diego CA, 

U.S.A., 1995. charp. 6/£t'^#Ba) , 
[0 0 0 9] Lt^Lfli'>'h. Z.tih(Dl5'iii<nm^, /<iv 

[0010] 

b . iti^m ^fz%y<jv:^ 3tSS(7?S#t^ ^^t-t 
[001 1 ] 

[0 0 12] M:i^mz(t^ ntsm^mmmi^twi^i'^mm 
mmm^ 5 . 0 w" km"' w±T-fe 5 m^^mm^ 7 r ^< 
mtmrnBrnf^. mti'^mtim. i^xxfmtmwm 

[0 0 13] Sfc. :*:«BJ{::*5^^T(i. ±ieL/c5t-'Vu 

^mmt^Ss(DAtlm^mcm^ts^■^mi!)'^s^w:^ilx 

[0014] 

imm<Dmm(Dmm] t-r. n l^c*lSP^<7)3fe^</^;=^& 

^«0*,, \^ts\E^n5t^h\i;>ti\t^ittf£'^X\^t!LX 

[0015] c (D^^^A, (Dm-t. ^mmmi^ i %:m 
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^m^sicx'o. ij:mi^(D^^^^^ hJi-^^^hmm-t^ 

[0 0 16] -CO^m^UTiZ, II 2 -H 7 T'/ix1-„ 
^, HI 2 T'/T:i- i ^ ncB#rBl2^ff^ i: 12! 3 X^^i-^ 0 /cCj^ft 

^4A^hmi^^A,lZAtlLtzt-ri>,, Z<D^^</U^r^ 

Bmmt^nzxi$^mwmm^snfx. ^^<ji^:^o^^ 
mm^^i-^x^y</\^^<Dmm^ii>'^j±m^ti. t<Dff^ 

[0 0 17] ^LT. ±BiLtz^y</\^y^tmS:m9im^ 

Mii&m^tlX. m6X7ikl,tzXo^£^<Ji^:^f^t^7X 
mLrz^^)$.(D^^</i':^tmhivhc -rtif^h. XMt 

^3fel±s Z(D^^^A,^'-$]Si-t^:Lt\Zii.'0. ^<JV7. 

■m.^Mz^Mt^%\zm^-t^, 

[0018] /jjis, m 1 o^^glA. li^HJl^a^flJ 1 i 
!e:>-f L-brtKcPS^^ttStOT'li/^i.^ 0'iJ;t(i\ A:^ 

mL. yt^<j\-^i^-r'^mim2{zmm$'^x^(D^x 
-t'y^^mmL. ^I'^x^mmmt^wzim^^xm 

[0 0 19] tfc. '^m^Aod. ±fELfr#g^^l 
X7jkl^tzmi$.%:2^U±mi^LX. m^£^^y</U^<r)m 

mr^-^mt^£^mm\zLxh^^\ Micii. ±teufc# 
mmr^'ttit'nmii.xm^i-^wmxf£< r t <t < , eaj 

miXf^^mmi^^m\.x\<^^zt\zmio^i,i 

[0 0 2 0] El 8 (w, *^0^co^t/-/P:^'^i^§g(75:S:{*0-.J 

A, ^TT^-r. r(^^^i§A, (i. ^mmm» i i^^tsc^i*: 

t¥mmWt LT 1 5 5 0nm«lSc-tr n:5^iii->7 h^T'T 
^< (DSF) 1 A, ^tfc^i^i: Ur 1 3 0 Onm^^if n 
h^r-f/-? (SMF) 2 A;4Sffll,MbnTV^S„ 



(4) 

5 

-eUT, m^(Di^^initi-^t. m^<DDSFlA(D 
^f^m^My (v = 2 ;c/A ns/Aeff, 

[0 0 2 1] L^;JJoT. D S F 1 AT-Ji. it/NVl^y^td 
(CSMF2AT'(i, ^»^!)*<75^^;iS;ic#l\ -<^<t9 
T'ft*^-<^ h/l';4S/i:»«(;ij£:;!lSt9. SMF2AT'B^Pfl 10 

[0 0 2 2] fl-a. CW'^}^|§A, (C*5V^T. j^ftjl^ 
^^3(i. ElST'pj^LTtJ; tB;^m-^SR5(75iSRfi(c 
Sag$n5 w <!:(^PSl:$tL?) t>(DTii/jj< . ^!l;tiiD s 
F 1 Ai SMF 2 A(7)ft1(c:iEB$tlTV^T'bJ:V>o w(7) 

[0 0 2 3] la 9 {i. ±ie L;^:^*feSA. <7?^fl0fi»jA2 Sr 

/T:-r„ CW^^SAifi. ^t^SA, (C*3(t5SMF 2 A 

^^LT^g^L. ^<0«it^2Si$)ittfct><^T'S55„ 
[0 0 2 4] -CT% ^-^r-T" K^r-T^^i/^— r ^' :/ 

;^Lfc5fe/<>'l-;^ll. :it75^^§gA2;!)^ibad;^-r5i:, /° 
t£i6. EST'^Lfc^ia^A, (CJai^T, DSFlAtr 

T 4 ^<^m\'^^zttmmx'h^. 



[0 0 2 5] 

[^11 







D^im%'SL (r) 


0.61 dB/km 

1 5 6 5. Sim 

0. 0 2 9ps/DiVkiD 

1 3. SW-^km-' 



40 



[0 0 2 6] ii^Ol 5 5 Onm^i^-lf n:9-ic7r-^'^<<7? 
7ffifi2. 5W" km"' U&X'hi)ii^. ±tELfci^#^ajl^ 
Jt^r-r^^ (1 5 5 OninlF*^-1f D^SJ:7rf (^vfi 
li5f§g«;/^# < /^oTV^So Lfc^iiSoT. ±tBLfc^ 
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[0 0 2 7] HI 1 0 (i, :^mm<DmmmmH(DmA, ^ 
LT. tti^'tiM^£^^mnmt'^m^^i^i-^^y 

T-fcSc ^^rf^M a. lb. 1 c;iS#^ 

mmWtLXm^L. yty7'<^<2a, 2b, 2c;4» 

[0 0 2 8] ZZX\ ±IiLtz^m^A,(Dm9H^mi- 
Ol/^TljiB^-rSc HI 1 0<7)^^ife§§A3 T'dfflV^S 

[0 0 2 9] Hi if±, 2mm(D^y 

r^y<^. ^fi^y 7 y<^X>i^m.Ltz^{Rmm^yf^ 
■to *i*6*J{-. 3t7r-<^<la. 1 b(4DS FT'fct), 
3t:77-Y^<2a, 2 bllSMFT'fcSo ^Oi^'ifll^ 
(4, 1IBff^5^SJ:iatt7 7 (Comb like dispersion pro 
filedfiber : CD P F) t^\tfh^ h<DXhi> (S. V. ch 
ernikov et al. , Electron Lett. , 29, pl778, 1993$: 

[0 0 3 0] ro^ei^SSfC. 2{@(75W—!f7t^a 
^a-g-tJ-yr/ciKft 1 5 5 Onrarot"- V% (3t^^/'^^) 
ltUfc»^^%;t5o rcO^-e-lCltt, DSF 1 a, lb 
T'-^X.6*X5^^^?F^^i)*i:. SMF2a, 2b(Cio(tS 

7'Mi»/i)^^</i';=^'^ff^w|gHfc/i5;65. dsf i 
a . 1 b tcioftS^^Sff^Sftm^lt^-rs C t (ifflilT'fc 

[0 0 3 1 ] Xti-t^%^<>i':^tK H 1 2 T'.T:i-J: 
ott^f^^Wit. mi 3X'7iki-X0^J:^S:^^^ h/l-^ 
^•thi>(Ot-tio w(^3fc^^'>'I':^;a> l^gCODS F 1 a 
?rSjgi-5i:. 2jgE:5(7D3t/</U7>raT'(75l!g3tjS^S'g>{ci 

"9. h/K4> Hi SX'^^LfzXoiz.^ m 

[0 0 3 2]ol,>T\ 1 ^gcOSMF 2 a (;li3^^T^4. 
121 1 4 1 5 T'^$tl5eill5t^'^Vi';^{C(4M^^i^55!) 



i)'^'0^(D^^-t°>y'Amm^ti^Zti,z.2:'0 . 1216 

[0 0 3 3] SMF 2 aA^htiitlLfz^y<J\^:^it. 2S 
SWDSF 1 b{CA:^-t-5*^ /^/U^ili/iJlIi^^tl^^ 

fzt'^^X. 2^SC0DS F 1 bT'li, SSliffi^P (S 

PM) tmmtfi^^¥m.wM^t^%y<ji'MzJ^7.hi^ 

3t/-?yu;^ coir *j TtJS 19 g(5T-«T -^^ - 1°> 

m^^L. ^(75Z&*;^'<i:' h/Ufi> Hi 9t;-jFUfcJ; 
e.(C. Z2:««(c/2:;<iSSo C<^<!r#. H#HiSJF^iilI 1 8 T- 

(0 0 3 41 -tLT, wCOJt/-?/l';^(i, 2©S(7DSMF 

T, 1112 0T%^LfcJ;9/j:BtPBljgtJf$(c?i5o ^<^.!:#. 

}>/Ki|lI2 lT'7i^Lfctt3'9T'fc'9, rtlli 
01 9 i|5li:i£^«c(CJ[£;45ofcS*T'fcS, ^<75J;9 20 

10 0 3 5] Lfc;iSoT. je^^lCiS^JSoTtaSS;^'^:}' 

^fAmii:Mf^i-nmmmutLxmmi'j^^m 
Lx\^^<i^mm<i^yr^^<) %:mmLf£<xh. ^?^^ 30 

^yr^^<iDm't^i>cmLXh. ^fihity r -< ^<(D^ 

^mm. Lxnit-ri> r t r^x^ 5, 

[0 0 3 6] ID 1 0 T'* Lfzm^^A, it. U±t!iLm L 

tzt/tBmm(Dmwi^mmi-^t(Dxh?>o -r^ii^ib. ^ 

^l§A3tDSMF 2 c A^htiit)Ltz^^</i^y^it. ^(D^< 

)V7^m'^'^<. t.fzm.^7^^^ vMtni.-^m^it.t'^-^x 

y^m^^Wy^fi. ie^)ii^m^<r>%y<ji^7.^n^ztt^x 
[0 0 3 7] tiio. If ^s§A, (D»^(4. ^mrmi^ii 

XXJ^'^mmi^tLXttyr4y<^m^'X\'^^iK %yr 
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(0038] I122(C. *^9^W^^S(73{til(75^iJ A, ^ 
/T^1-o CCO'^^^^A, (4« 010 Tvt: Lfc'^i^^A, (D 1 
Sgro^iiJgj^^s: (DSF) I atXtim^nA(Dfii\Z 
7feli*S§5 8 ^iSB L fctS^SlCTi o T V ^ 5o ^ O^^j^S A 
,X\t. X1l{t^%^\zXtlLtzit^</^:^\t. )feti*iff 
8-C-^CO)t^<!7-z!i5ii:kcL. o^^T^ M%y<y — <D^y< 

^«i^3T-ii^$tv5„ 
[0 0 3 9] CtD'^j^^A,<7>ftf*6*]7ie*»)^iJ^liiTiC 
IJiP^-f-^o ^-f , 1 5 5 Onm^^D S F <k 1 3 0 Onmffi 
i^SMF?rfflV\ Sfc5ttii|iS,t t-CE r K-7°3t7r 
'r/<T^-7° (EDFA) >ffl^^-t^^^A.^m^^z:-C 
fc„ ^LT, A;'9{t^gR4{Cl 5 5 0nra(^f- hTfe^A 
3feii*i^8T"iti|SLfCo #^«fl^jKfl^A;^tl5 9 (CA 

3 i0 2 4 ic^ti^-'ix.T^-t-o ®75>P>Bje3:*^/<cJ: e>ic. - 
cD^/>Vu;^(D/N°;u^lllW(4*^ 1 0 OGHz. /</u-^^Bffi 
M'le(4 3psggT'*)i9. ^''L^iSfittl 5 6 OnmT-*>^<, 
(0 0 4 01 :}>ticjK<*:ttl:^a5 1 Ot-hmf}\.fz% 

/<)\-y^(Dmi\^l^it'lk&:^^i^ 0 2 5 id 2 6 

Atl Ltzyty<^i-y^{tmm^iixt<DB^nm^t)'^3psf)^ 

[0 0 4 1 ]^ LT. iSftSS^^l^ 3 T-q^'L^iSft 1 5 5 
Onm(CltiV^T;^-<:J' h/>^^5rj8^Lflc i<Dt^<D^ 
y</Uy(.<D^E.^mm^t&-S::^'<^ l>;uSr0 2 7 i:0 2 

5ASE (amplified spontaneous emniision) ^ta^^fl^ 

(0 0 4 2] m2 7t^hmht)^^.i:^0liC. %^<)\^y^<D.'< 
-'U;^tS(±l. 4ps{'/ioTV''T. 0 2 

fict t,J[£< T'jroTV^^;^^ 0 2 3T'^LfcA;^^^</u 

$iXTV^5o -eUT. tf'L^iSftfi 1 5 5 OnniT'fo'9. 

\z^<j\^y^m^mm-thfzi.ix\tti< . ^a-r5ftft«tw 

(004 31 0 2 9 td, giJCO^«iS«^0>JA5 ^^"T. C 
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©^^i§As(±, 112 2T-.T^L/-c2^i&liA. ICiil^T, .2 
SS(^SMF 2ht 3S@ODS F 1 c <0F^ iCj^fiilS? 

^^^3^ESL. m-§-ty;'3a5 5roa:Htj{r'b7tiiits§5 8' 

li, DSFla/i^e)SMF2b t.X'<Dt/t&m^X'^</l^:^ 

t SMF 2 c X'y</\^y^^^E.I^LXj$.M^^i:7 h^U^JZ 
iftKDh. ^i$mi^8' X'm^LX^ytiiitl^<7-(D^ 10 

^<ji^:^izi-^ztr^x^^o 
10 0 4 4] :^mm(Dyty<ju^ytu^m.mi-^. 

12 2 2X'7jkLtzmmn^A,(DxtiiB^u 

I@ft#Sr^^$ii:5:^ffit LTIl. Csjx.«*2f.t LX u 

- h\zi:^^m^^^^^^l5^ti:if^h\>f^zti>^X' 
[0 0 4 5] r<7?J; 9(CLT|g4Lfc^K*^</l-^l±. 

:^^/^^nx'h^xhx\>\ zfih\-i. wmm^^% 

T'*)So . 
[0 0 4 6] 

{%m<D%m u±.(Dm^nx'mht-fii:o\z^ *ig?^o 

y-Mzm.^\h:AjX'm:isbxiz^f£iLm&^mm.imhixh. 
^Tf^-tm^mxh^o 

[0 3] A;':i3t^^vu;^(02S5^-^^ h/m-cfcSo 

[1114] ^ii}i^j«fl^i:^^«!c^^^Sr^igL/iro*>w^y-;/u 
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[1215] ^mmP?^t':^Wi^il?.^m^\^fz(D-h(D±y<J^ 
[12 61 ^g^S3MI?^^T'ii^$^^/■c3fe^<^^^<D^ffi^^ff^ 

mxh^. 

m 8 ] *igB^w)t/</i'^^j^g0ijA, (7)fli^^*-r^i 

ymxh^, 

m 9 1 2f:^0J<^3t^-^Vl-;^'^J^I§0ijA, (^S^^.T^f H 
[Hi 0] 3^l|BJ<O3t/>Vu;^g?M^S0ijA,(7)«j5g5r.T^i- 

[Hi 1] %^<>i'^m^^A^x^m-t^%Bmn<Dm 

[Ell 2 ] m 1 (D%Bm^^(r>xf3%^<i\^:^<r>^mTl& 

mmxh^. 

[mis] mi l(D%B^^^(DKts%^<)\-:^(D^^::^ 
[0 1 4 ] Ell 1 (D%yr-<^< 1 a ^]gjii^O)t^</i';^ 
[His] Ell lcD3t7rf & ^mW^<Dit^<jUy^ 

[H 1 6 ] H 1 1 (7?3t77-l'/<2 a 
Wli#PBl26JF$E]T-fc5„ 

(El 1 7] El 1 1 (0^7T'1'^<2 a %:MW^(D^y<^l^y^ 
(D'^^T.^^ h/uElT-fc-So 

(Ell 8 ] EI 1 1 (OityT^y^ 1 b Srigig?^<^Jt''</i';^ 
OBfrajSff$ElT-*)5o 

(Ell 9] Ell K^^^T-r^M h imW^<Dyty<yu:^ 

[0 2 0] Ell 1 (7D3t7 7'f ^<2 bSrSiiftt^Jt^^Vu;^ 
<^B#raKff$ElT-feSo 

(El 2 1 ] El 1 1 WTt^ 7 2 b ^mW^<D%y<ji^7. 
OiS*^^^ h/w-Ej-C'fcSo 

[E12 2] *|g?qo3tX/u^'^t^S0ijA,<^S|fife4rji^-^ 

m^mxhh. 

(023] El 2 2 (Dn'mmwxtiU 9 (cA^i-s^t^^ 

BtaeaSJJF^ElT-fcSo 

[024] 02 2 0^»^J^frA;^a59 {CA;'3i-5)t/-5 
>'^;=?.W^ft;^.^^ h/'i'ElT'fc.So 

(0 2 5 ] 0 1 1 0^»iK«i:ai:'3^H5 1 0 A^Cbliit)i-^^ 
/ N/l- ;^ (75 i e^f MiS ff$0 T' 5 = 

[02 6] 0 1 1 <;3^ti(Efr(±j;^^i 0/4^fea;^i-S3t 

[02 7] 01 l(75igtftji^|jli^3-C-S^$n^^t^</U 

:^(DigE,^mmmxhi>. 

[02 8] 01 1 (75KfiiitR^^- 3 Xm^^tlfz^''<^l' 

[02 9] :i?^%m<D%y<jv7^mkmA.<Dmf&^^^ir 
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11 



[0 3 0] ■^¥^m(D^^<yu::^ttmm^7iii-m^mX'h 
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1 
2 
3 
4 
5 
6 



* 7 
8 



9 

1 0 

1 1 m^\t^%m. 

lA. la. lb. Ic 1 5 5 Onni^^i^"n^t5:->- 

2 A, 2a, 2b. 2c 1 3 0 Onra^^if □^>ic-> 
7 h^T-r^^ 



[Hi] 



[112] 



[ISIS] 



[114] 



[US] 




Azxz^fuufuuy 

ttfi i«m 




[He] 



[117] 



3t 

V 
I 



.1 



[US] 



lA 2A 



lA 



[ISI9] 



[012] 




' /"f lAAAl 



[12 1 0] 



la 2a lb 2b Ic 2c 



[014] 



[015] 



f lAAAl f 



-iiiin 



[[112 0] 



1 



A3 



9-1 



1 6] 



[011] 

la 2a lb 2b ^ 



[01 7] 



1 



mis] 



[His] 





V 

\ 


,iiii, 


3t 
/< 
V 

1 





[019] 



I 
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[12 1] 



[112 2] 



[112 3] 



4 8 9 



1122 4] 



la 2a lb 2b Ic 2c 



A4 



10 r fi ^ 



^0 ^ ^ i 



(dBm) 





[|g|2 5] 



[02 6] 



S 
g 
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g 




^7 



-15 -10 -5 0 5 10 15 
[02 8] 




1520 1530 1540 1550 1560 1570 1580 1590 1600 



-15 -10 -5 0 5 10 15 
(ps) 




(dBnO 



1520 1530 1540 1550 1560 1670 1580 1590 1600 
tSL-&(nai 



102 9] 
la 2a lb 2b 



103 0] 



la j& 1° ^Ic 2c A4 



F^-A(##) 2K002 AA02 AB33 DAIO HA25 HA26 
HA31 

5K002 BA03 CAOl CA03 CA13 FAOl 



